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650a Wednesday, February 19, 2014We have carried out multiple 50 ns molecular dynamics simulations of explic-
itly solvated calmodulin, starting from the calcium-bound (1cll) and apo (1cfd)
structures. Simulations were performed using NAMD (University of Illinois)
and the CHARMM27 force-field. Simulations suggest that Met oxidation alters
the flexibility of calcium binding sites, the conformation of the linker helix con-
necting the lobes, and the relative orientation of the lobes. This work is a
component of a larger study in which spectroscopic distance measurements
and NMR experiments have been used to resolve the structural impact of
site-specific CaM Met oxidation. We expect that our in silico results will bring
atomic-level insight to spectroscopic measurements, and will be integral to
creating a more complete model for oxidation-induced changes in CaM struc-
tural dynamics.
This work is supported by a University of Wisconsin-La Crosse Faculty
Research Grant to JC Klein, NIH grants to DD Thomas (R37AG026160),
and the Minnesota Supercomputing Institute.
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The mechanism of action of allosteric effectors in various types of hemoglobins
is still not completely understood. It is known from time-dependent structural
studies, and computer simulations, that not only certain structural changes are
important in this phenomenon, but also the complex changes in the dynamics of
the molecular assembly.
In this study we report data on the high-pressure compressibility of human he-
moglobin. We used pressure tuning combined with fluorescence line narrowing
to estimate the compressibility of the alpha and beta subunits in human hemo-
globin A. In each experiment in either the alpha or the beta subunits the heme
was Fe: Zn-substituted to enable fluorescence spectroscopy.
We have found that the compressibility of the two subunits are different, the
beta having a larger, approximately 0.3 1/GPa compressibility, while the alpha
subunits have approximately 0.1 1/GPa. Surprisingly, the allosteric effectors
cause a significant reduction of the compressibility in the beta subunits, while
no significant change was observed in the alpha subunits.
This asymmetry in the compressibility values points to an asymmetry in the dy-
namics of the two subunits. Moreover, the asymmetry in the response to allo-
steric effectors suggests a distinct role of the beta subunits in the response
sequence leading to changes in the oxygen binding capability.
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Supervised Learning on Markov States as a Method for Gaining Insight
into Protein Allostery
Mohammad M. Sultan.
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Understanding complex allosteric communication in biophysical systems has
long been a challenging problem in computational chemistry. Recent ad-
vances in Markov state modeling has made the problem more tractable but
the automatic detection of important degrees of freedom remains a significant
challenge. Using applied supervised learning methods combined with confor-
mational space discretization via Markov Modeling, we are now able to pre-
dict important degrees of freedom in molecular dynamics (MD) simulations.
These methodological advances allow us to quickly ascertain potentially
important degrees of freedom leading to a better understanding of allostery
in large enzymes.
3286-Pos Board B14
Allosteric Modulation of Cadherin Affinity
Nitesh Shashikanth1, Jillian Newhall2, Yuliya Petrova3,
Barry M. Gumbiner3, Deborah Leckband1,2.
1Biochemistry, University of Illinois Urbana Champaign, Urbana, IL, USA,
2Chemical Engineering, University of Illinois Urbana Champaign, Urbana,
IL, USA, 3Cell Biology, University of Virginia, Charlotsville, VA, USA.
We report direct evidence for the allosteric regulation of cadherin adhesion by
conformational changes and inside-out signaling. Cadherins are essential pro-
teins that mediate intercellular cohesion in all tissues, and circumstantial evi-
dence suggested that cadherins, like integrins are allosterically regulated by
inside-out signaling. Recent findings with conformationally-specific antibodies
provided biochemical evidence that cadherin adhesion is allosterically modu-
lated by conformational changes propagating through the cadherin cytoplasmic
domain and in the phosphorylation state of a cytoplasmic binding protein, p120
catenin. Here we present direct evidence, using micropipette manipulation, thatantibody-induced conformational changes alter the intrinsic affinity of
membrane-bound cadherins. Micropipette manipulation measurements quanti-
fied the two-dimensional affinity and dissociation rate between cell surface
cadherins. We used Colo205 cells, which express a full complement of surface
E-cadherin, but do not aggregate unless treated with a kinase inhibitor or
activating antibodies. Kinetic measurements between Colo205 cells and
cadherin-displaying red blood cells showed that the activating monoclonal an-
tibodies, as well as the kinase inhibitor staurosporine, substantially increased
the intrinsic affinity of membrane bound cadherins. Neutral antibodies, which
bind cadherin but do not alter Colo205 aggregation, had no effect on cell-cell
binding. This important finding demonstrates conformational coupling between
cadherin binding activity, cytoplasmic domain conformations, and intracellular
signaling.
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The "sectors" of a protein are defined as networks of amino acid residues that
act cooperatively in support of diverse functional and structural activities,
including intramolecular communication and allosterism. "Statistical coupling
analysis" (SCA) is method developed by the Ranganathan Laboratory for the
elucidation of sector residues based on evolutionary covariance. SCA is based
on a multivariate method for scoring covariance, and obtains sectors from the
spectral decomposition of a conservation weighted positional correlation ma-
trix from a multiple sequence alignment (MSA). Sector analysis has now
been has been applied to a number of systems, with considerable success in
associating sector residues with the activities of multifunctional proteins,
including allosterism. A hypothesis that cooperativity and sector architecture
may be accounted for the dynamical structure of a protein, in particular corre-
lations of atomic fluctuations. Such fluctuations cannot be measured directly
but can be calculated using molecular simulation, and validation of the fluctu-
ation hypothesis has not been straightforward. The issues of interest in this proj-
ect are a) how sectors are differentiated at the submolecular level and b) the
implications of this on the mechanism of allosteric signal transmission. We
have investigated the relationship between atomic fluctuations, cooperative net-
works and protein sectors based on all-atom molecular dynamics (MD) com-
puter simulations. PDZ domains, important for scaffolding as well as
allosterism in signal transduction systems, serves as our test case. In the course
of this study, we have developed the concept of "MD sectors" based on spectral
decomposition of MD calculated correlation matrices. A direct comparison of
the calculatedMD sectors with the empirically derived SCA sectors forms a ba-
sis for evaluation of the fluctuation hypothesis the role of atomic fluctuations on
the sector architecture of proteins.
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Protein dynamics or protein motions are believed to ultimately govern the bio-
logical function and activities of protein. Quasielastic neutron scattering
(QENS) technique has been proven to be an exceptional tool to study dynamics
of proteins in the time scale of picosecond (ps) to nanosecond (ns) [1, 2]. In this
study, we use QENS to investigate how a large oligomeric protein, Inorganic
Pyrophosphatase (IPPase) from Thermococcus thioreducens with quaternary
structural complexity, have distinguishable dynamic characteristics compared
to those of the small simple monomeric model protein, lysozyme. IPPase
derived from thermostable microorganisms is of extreme interest for biophys-
ical studies because of their inherent chemical and thermal stability and high
temperature activity. Two QENS instruments, a backscattering spectrometer
(BASIS) and a disk chopper spectrometer (DCS) are used in probing the protein
dynamics in different time ranges from 1 ps to 1 ns at different temperatures. In
addition, the DCS experiment was performed under the pressure of 1000 bar,
mimicking the natural living conditions of IPPase. Our results reveal that the
dynamics of IPPase is slower than that of lysozyme in the time range of 10
ps to 0.5 ns [1] while it is faster in the time range of 1 ps to 30 ps. These results
are consistent between two instruments and such dynamic behaviors in proteins
Wednesday, February 19, 2014 651aare believed to be contributed by the rotational motion of the side methyl
groups [3]. Distinguishable dynamical behavior found between two proteins re-
veals local flexibility and conformational substates unique to oligomeric struc-
tures. Our results greatly help understanding the relation between protein
dynamics and their biological functions.
[1] X.-Q. Chu, et al, JPCB. 116, 9917 (2012).
[2] X.-Q. Chu, et al, Soft Matter 6, 2623 (2010).
[3] X.-Q. Chu, et al, JPCL. 4, 936 (2013).
3289-Pos Board B17
Allosteric Regulation of Protein Kinase Enzymes via an Electrostatic
Switch that Modulates Active Site Dynamics
Matthew A. Young1, Douglas M. Jacobsen2, Zhao-Qin Bao1.
1Department of Pharmacology, University of Michigan, Ann Arbor, MI,
USA, 2Bioinformatics, University of Michigan, Ann Arbor, MI, USA.
Protein kinase (PK) enzymes are a large family of signaling proteins that play a
central role in signal transduction pathways. Robust regulation of their catalytic
activity is critical, and many oncogenes harbor mutations that result in misre-
gulated PK activity. The chemical basis for how some PK regulatory factors ul-
timately affect the rate of chemistry is still not completely understood. We have
identified a long-range electrostatic switch that we believe is used by allosteric
PK regulatory factors to modulate the rate of chemistry by tuning active-site
dynamics.
We applied a combination of crystallography, kinetics, and molecular dy-
namics to determine the chemical kinetic basis for how this electrostatic
switch, toggled by regulatory subunit binding, affects each step of catalysis
by CDK2 kinase. We engineered point mutants to deconstruct the kinetic, dy-
namic, and thermodynamic consequences of the switch. We also evaluated
other PKs and find that, although it has evolved to be triggered in different
ways by diverse PK regulatory factors, the mechanics of this switch can be
conserved.
We demonstrate that a key component of the switch is that it affects a signif-
icant change in the electrostatic potential within the ATP*Mg binding site of
the enzyme. This electrostatic effect is propagated through the low-dielectric
protein interior and directly affects the two dominant rate-determining steps
of catalysis: attenuating both the recruitment of catalytically essential Mg co-
factors (affecting both kcat and KM) as well as the release of the ADP
product.
Conclusion: We present a chemical hypothesis that provides a mechanistic
explanation for one way that a large-scale conformation transition, observed
in diverse PK family members, is able to significantly affect the rate of chem-
istry by acting at a distance from the active site.
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A Network of ‘‘Molecular-Switches’’ Control the Activation of Key
Bacterial Signaling Protein
Dan Vanatta.
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Recent successes in simulating protein structure and folding dynamics have
demonstrated the power of molecular dynamics to predict the long timescale
behavior of proteins. Here, we extend and improve these methods to predict
conformational change pathways between active and inactive state of nitrogen
regulatory protein C (NtrC). By employing unbiased Markov State Model
based molecular dynamics simulations, we predict a new dynamic picture of
the activation of a key bacterial signaling protein NtrC, involving a complex
network of molecular switches. These results are consistent with experimental
observations and predict new mutants that could be used for validation of the
mechanism. Moreover, these results suggest a novel mechanistic paradigm
for conformational switching.
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HRAS acts as molecular switch by cycling between active (GTP-bound) and
inactive (GDP-bound) state during signal transduction processes associated
with cell growth and differentiation. The wealth of biochemical and structural
data available for HRAS has identified critical regions in protein structure that
plays crucial role in signalling. However, the mechanism by which active and
inactive state transition occurs is not yet completely understood due to lack of
experimentally determined intermediate structures. Also, the timescale at
which these processes occur is currently beyond the reach of all-atom molecu-
lar dynamics simulations. In this talk, I will describe the dynamics of GDP and
GTP bound form of HRAS with and without GEFs, using a transferable inter-mediate resolution model developed by us. In the model, the backbone is rep-
resented with atomic resolution but the sidechain with single bead and it has
sufficient predictive power so that– Starting from random initial configurations,
the model properly folded 19 proteins (including a mutant sequence) in to
native states containing b-sheet, a-helices and mixed a/b. The model is then
used to predict the dynamics of HRAS. The predictions of the coarse-grained
model are tested with different 100 ns simulations. We present intermediate
states and demonstrate, among other results, that the opening of Switch I/b-2
region in HRAS-GTP is a thermally activated process and occurs in the absence
of GEF.
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Proteins exhibit rich dynamic behavior, yet protein structure is highly con-
strained by cross-linking H-bonds. This dichotomy makes it difficult to pre-
dict the effect of individual mutations on protein thermodynamics and
dynamics. For example, it is often perceived that stabilizing mutations cause
a protein to become more rigid due to improved packing. However, due to the
complex relationships between rigidity and thermodynamics, mutations can
cause unexpected long-range effects such as entropic stabilization in conjunc-
tion with increased dynamics. In general, mutations shift the rigidity-
flexibility equilibrium within the native state ensemble. We quantify these
shifts across a handful of stabilizing mutants within the single chain Fv
(scFv) anti-lymphotoxin-b receptor antibody fragment using all atom explicit
solvent molecular dynamics simulation, where the MD trajectories over 100
ns are analyzed by a Distance Constraint Model. Despite all of the mutants
being stabilizing, we observe a statistically significant redistribution of rigid-
ity/flexibility that extends far from the mutation. For the scFv fragments, we
find that an increase in flexibility is much more common than an increase in
rigidity. Interestingly, a net gain or loss in flexibility of an individual mutant is
typically skewed. The redistribution of flexibility can be mechanistically
traced to changes in the H-bond network. For example, the formation of
new H-bonds due to a stabilizing mutation will generally induce a local in-
crease in rigidity, while at the same time H-bonds break elsewhere, causing
a frequent increase in flexibility far removed from the mutation site. Increased
flexibility within the VH b-four and b-five loops is a noteworthy illustration of
this long-range effect. As a general rule of thumb, we suggest that rigidity-
flexibility equilibrium shifts manifest themselves through enthalpy/entropy
compensation in the native state ensemble as the protein structure adjusts
via Le Chaˆtelier’s principle.
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Although molecular structures of G-protein-coupled receptors (GPCRs) are
becoming increasing available from X-ray crystallography, understanding
their functions requires information about molecular dynamics in membranes.
Here we use rhodopsin as a model to illuminate general features of GPCR
activation. With solid-state 2H NMR spectroscopy we obtain experimental
data pertinent to both structure and dynamics. Experimentally, order param-
eters and relaxation rates are the two observables of solid-state 2H NMR
experiments. We propose that the local dynamics of the retinylidene ligand
are coupled to large-scale fluctuations of the transmembrane helices of
rhodopsin, leading to activation of the receptor. To study the structural dy-
namics of retinal bound to rhodopsin, we start with an irreducible represen-
tation of the correlation function in terms of mean-squared amplitudes and
correlation times [1]. The mean-squared amplitudes are related to the orien-
tational order parameter, while the irreducible correlation times include the
preexponential factor and energy barrier. To bridge the generalized model-
free theory with experimental measurements, we separated the relaxation
rates into spectral densities by applying Redfield theory. The spectral
